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In vitro Adherence Properties of Bifidobacterium Strains and
Their Antagonistic Activity Against Enteropathogens

LIU Guo-Rong' PAN Wei-Hao' CHANG Xiao-Yuan' LIN Feng-Xiang® LI Ping-Lan"

(1. Key Laboratory of Functional Dairy Ministry of Education of the People’s Republic of China, College of Food Science
and Nutritional Engineering, China Agricultural University, Beijing 100083, China)
(2. Haerbin Meihua Shengwu Technology Co. LTD, Haerbin, Heilongjiang 150018, China)

Abstract: Twenty bifidobacterial strains were tested for adherence ability with cellular model systems in vi-
tro. Strain A03 and 106 showed high adherence to the epithelial cells. The inhibitory effects of Strain A03
and 106 on enteropathogen Staphylococcus aureus and Escherichia coli were demonstrated by simultaneous
incubation and antimicrobial testing. These antibacterial activities were mainly induced by organic acids
produced by bifidobacteria. The release of LDH of Caco-2 cells which were differently treated with bifido-
bacteria and enteropathogen, suggested that the adherence of bifidobacteria were essentially different with
those of enteropathogen, and the adhesion of strain A03 and 106 could prevent the harmful effect of S.
aureus and E. coli on Caco-2 cells.
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S, FOXTE b AR AR A
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1.1 R

111 RIEERR: 2R E: 20 HROSUEATE Y i E
MV T F A 2 B E W B = AR, 22 B R
SRCRIE IR 1 F8/RTR: 4 R AR TA, Staphy-
lococcus aereu ATCC 6538, ATCC B PR iE .0y IR
R K18, Escherichia coli CMCC(B)44102, 10
A TR 24 it A o A R T

1.1.2  RERE: A4S AR 4E &R Caco-2 4HAEAR,
ATCC HTB-37, Wy H WA BE R R 2 B Al BT

1.1.3 $EFE: R MRS B35 M T MU A 1# %
A ARG FE; LB 8537 3 T 4 v i A BR 1A S5 A
R A 3G 55

1.1.4 1EFFF&: MEM 8538 T Caco-2 AL H 15
7%, W9 H 3 E Gibeo A, WIL(HFHE . MHERE
W ); W AR (0.25% [ &5 H B, 0.03% EDTA, pH
7.6~8.0); pH 7.4 PBS 2 M1 .

115 RFE: MmN AR DI &, WA H
TR A TRERFIE T

1.1.6 EFEMNEL: FHM(10 mmx7.8 mmx6 mm)

(AT r & ER B ML), A kIR
(Forma scientific), &G TGL-16C i .01 (L
WL B R RN RS T), pHS-25 RIBRFETH( iR AR
SEAUERA IR FD, 7228 6T (R EEEE AR
A IRA ), 5 R B (AR )55
1.2 A%
1.2.1 WA E M A B9 E: RS0 i 55 57
%, 214 Hidalgo J ZE1HY 5 1k,
1.2.2 355 B2 iU AT B I SUR # 24 h B
E 1% 593 4 2 10° CFU/mL, 4588 0.4 mL 4%
¥ 10 mL, pH 7.0 MRS WA K: 25, BT 37°C
TRAFE 36 h, FHAIEERE 12 h 20 BIEBCRE, A XUE;
T FN O T B 16 G I (R I S0 w8 5 7
Pk BRAE T B, SUBE AT B B 35 5 0 kg BR PR X6 B
1.2.3  HEMOGE N E W F 3 T BUR = R A4E
FADOL 1) TR A K b3 8 43 %8 7% B A BT
o W R U RUEL A TR B W 8000 r/min .0 10 min
Joi, FEESCUTTE T ke 04 TR A 248 i LAAH R4 BR  TC T
A BRER KV R IR S, 40 1 DA 3 R TR A 2 i
WA IR, LA 5 R IR AE A T B i
2250 2) HEBRAHLRR A T RIS T B TR
F1 2.5 mol/L i) NaOH ¥ Mz rhdE, Hiki344],
fiff pH {HikF] 6.5~7.0, P TMERLE, HEPM
HJE PR B0 B R 25 5 3) AT 4 B R R i T
Po: AR AT B AR A /K 80°C Hi#K 10 min
Je, PEATI TR, B At b B A R R 22 5
1.24 NWEMNHESHIFEX Caco-2 MARIREIE
BIRM: ke 1.2.1, 43005 1 mL SUSCAF B R
1 mL B0 F AW . 1 mL SUS AT S EOR# 1:1 B2
W5 1 mL Caco-2 il B WRIR ST, MEATRS ML, &%
FRuEzs A R 22 A, 3 FEAT. B 37°C 25
% FE 2 h, T 8000 r/min #.0> 10 min, B LI, ™%
Fiz 8 LR i & (LDH) I & 9 a2, A b 35 7R
Wi LDH & i, BUHFEIE.
1.3 HIERNFITFLE

K SPSS11.5 BAFXHRIG B G A 758 72450 o

2 HRE5R

2.1 WU B R B RE 0 RO E
R N R Caco-2 BRI IURS BHA T,
XiF L3R 200 BRAS R A VR BB AT BRT BRT AR f9 K BEE 7 1
TELSRANZ 1o AT LU, AN [R) A2 350 5 B BUBCFT fRi
PR PR3 1 T8 B 200 1 RG B BE 0 %A AN TR, R B RE
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Table 1 Adherence of 20 Bifidobacterium strains tested
[E5L7S U s B TR 55040 (LS Kol b A
Strain Origin Adherence (X+s) Strain Origin Adherence(X + s5)
BM-1 KHEE N 523+2.10 (gh) WY-2 LB I 7B 4.68+2.12 (gh)
BM-2 KHEE N 1629+3.12  (d) WY-3 MR i 423+243 (h)
BM-3 KFHEEANpiE 6.22+321 (gh) WY-4 LS|V 751 5.03+2.15 (gh)
BM-4 KFHEE AN 997+221 () 77-1 Wr W A7 s i 497+217 (gh)
BM-5 > YN 7B 8.22+2.72 ) 77-2 W 4544 i 1 7.48+2.73 (gf)
BM-6 T YN 7B 15.93+321 (d) 77-3 W 4544 i 3 18.43+4.51 (d)
BM-7 T YN 7B 36.73+3.38  (c) 77-4 W 544 i 3 17.35+3.73 (d)
106 KAE N 48.13£3.12 (b) CP1 XU A A il 5 12.73+2.18 (o)
A03 KHEE N 4898 £5.11 (a) CP-2 RIS FF 4 il 551 12.87£2.08 (o)
WY-1 MR AL )L 487+195 (gh) CP-3 RIS FF 4 il 551 4.01+252 (h)

TE: AR T EERRTE S%IMKF B3

Note: The differences between the values with the same letters (in columns) are not statistically significant at P=0.05.

S iR K A AR A03 F1 106 bk, Hokb
T8 E3 51 (48.98+5.11) /40 i A1 (48.13+3.12) /4
Lo 15% B T R RS B - Y9 (E7E 30 /4L |,
30% F TR AR (4 85 BT 3 AE 10~30 >/ 40 il 22 1],
30% 1 B HRAS BB E A F 5~10 AN/40fZ 0, i
HoAx 25% 0 B RE BRSBTS MEAE S AL o BT
B RO A 14.62 /400, FaR B
WU B T XU T % i A R 20 B A s R 77 7 2 T
PR 22 54k
22 WEHFESHFEESESRRRE
ZARF AU A A03 . 106 54 5 (0,75 2 BR 14

K EIERE3E 12 h, 24 h, 36 h J5, 43 SI46 I A UE;
FF 5 800 T 1O 16 A, AR 2. 3 iR,
WU FF IR A03 . 106 P AR 5301 5 4 B (6.3 A 2K T
22 12h, 24 h, 36 h WAL FR, 155 12h )R, 5
X BEAH H, YRS B I 0 v 4 0 €0 4 2 BR A 114 1 T 4L
i SR, BB AT R TG RSO RS = T X 283 24 h
K36 hALRiFR)E, IRA 5 IR 4 v (0 A BR IR 5K
H R H IR K, 7636 hib, 5106, A03 dLkE3
1) 4 B €07 28 BR 1R 43 IR 2 3.78+0.00 log CFU/mL
& 6.73+0.00 log CFU/mL, Tfi [’ 4 % XU T B 4% T %X
HALF AR, SW LR EEZES . 4R RN,

®2 VWEHESEHGHEKERSIERMOIBRER
Table 2 The growth (log CFU/mL) of bifidobacteria and Staphylococcus aureus in monocultures and co-cultures
: 4V 0 1% TR AT TG TR 5 XU A A 1 T 25
At Variable Staphylococcus aureus cells count Variable bifidobacteria cells count
Treatments
12h 24 h 12h 24 h 36 h
S. aureus 9.03 +0.00 9.16 = 0.00 9.10 = 0.00
106 7.57 +0.01 8.69 +0.01 8.93 +0.00
A03 7.72 £ 0.00 8.56 £ 0.04 9.03 £ 0.00
106+S. aureus 7.81+0.01 5.81 +£0.01 3.78 £ 0.00 8.94 £ 0.00 8.69 £ 0.00 8.03 £0.01
A03+S. aureus 8.16 £ 0.00 7.74 £ 0.01 6.73 £ 0.00 8.60 £ 0.02 8.69 £ 0.01 8.57 £ 0.00

R3 WBHESHRERABITERSIBEFNZELS

Table 3 The growth (log CFU/mL) of bifidobacteria and Escherichia coli in monocultures and co-cultures
. KIGHT 1 R4 UBE AT T 1 R4
4t Variable Escherichia coli cells count Variable bifidobacteria cells count
Treatments
12 h 24 h 12 h 24 h 36 h
E. coli 8.79+£0.01 8.89 +0.00 8.97 £ 0.00
106 7.57+0.01 8.69 +0.01 8.93 +0.00
A03 7.72 £ 0.00 8.56 + 0.04 9.03 £ 0.00
106+E. coli 8.20+0.01 7.57+0.01 4.48 £ 0.00 8.75+0.02 9.13 £ 0.00 8.45 +0.00
AO03+E. coli 7.88 £0.01 7.53 £ 0.00 6.28 + 0.00 8.96 +0.01 8.75+0.01 8.60 = 0.00
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MU AF 5 4 o o A5 SR 2L B 35, W B E
il 4 B €0 A A BR R 0 AR K, ELAS S i UG AT TR B
B & A, vhad 8 0T RE S i OBUE AT B T
A= B LR B4 TR ) BT R A0 1 4 B 60 A R TR Y
JAER

283 24 h B 36 h TR ARE IR, BUEAT B RE T R
Hi A R AT R E AR T, TR 106 5K
FHEE S8R, %5 36 h iR, HPh
FFIAERE TR 2 4.48+0.00 log CFU/mL, B @K T [H]
WX REAKCOE, TOBUBEFT I A03 2 106 BT B4
X BEAH HE G B R R TE R T OBUE A B S K AT
R 55 R IE A AT 5 DA B I E H A, TR A
IRARR T, RUSERF B A AR = M 3 K AP I R B
B IvEA .
2.3 HIEFE N TE W AT B X U E R E R

T FH AR HARTL 43 BN 2 T 32U FF I A03
106 Xif 4 ¥ €075 24 2K 0 S R W TR A T 1 o 45
(K 4. S)FF—PIES T R A03 . 106 X 4 o (4] 4
BR A e RS FF DA A iV o R4S 4 B K R
Ji B 5 WO SO TN B EE R, AT I
JoT 3R SRR AT B T A A A LR . B R
T2 AR LA BR 5 M 5 R T vROAH T (B M 22 5
PR T BRI E A R A, oA
WRLRZHCHE Y, WIEUR, 205 H
TP R

R4 FRECEHEE LR

Table 4 Inhibitory activity after different treatment
with Staphylococcus aereus as indicator bacterium

M R B A
s o
Size of inhibition zone (mm)
Treatments
A03 106
KRR 21.00 21.98
Fermented Culture
HR A N 0 0
Cell suspension
2 7 ¢
B ZW 20.10 21.78
Supernatant
HAE 0 0
Neutralized supernant
o Fh 3
80°C Jin#i 10'm1n 20.08 20.44
80°C, 10 min
CK(2k B MRS ¥ 1A 8 35 3%) . .

Modified MRS medium
Her BRE RIS Y K B

Note: *: The cultural supernatant after removing the strain cells.

RS5  AEAIEIHEE MR

Table 5 Inhibitory activity after different treatment
with Escherichia coli as indicator bacterium

. T AR
sb 3 Size of inhibition zone (mm)
Treatments
A03 106
KRR 20.98 24.98
Fermented Culture
AL 0 0
Cell suspension
2 o
BFRZM 20.76 25.12
Supernatant
TG 0 0
Neutralized supernant
0, Fh 8
80°C Jin#k 10bm1n 20.98 24.60
80°C, 10 min
CK( B MRS A7 5E) 0 0

Modified MRS medium
ok BRGNS ) & T RV
Note: *: The cultural supernatant after removing the strain cells.
2.4 WEHE 5B E X Caco-2 fHARARIBEIE TR
Al

00 L P2 — e 3 e B, 4 O 3 s
S IR AN R A 0 R R — o FLRR AU
1) T T T 2 -t TS TR 4 6 B8 P 58 A 8 3 e A
Y ARG B Caco-2 415 BRI FLIR I AU, 7T AAT
BYF T i 4 v X A AR R . MR 6 Bk 7 T I,
& WA A ER T SR AT TR X Caco-2 4H R A K RS
S R KR LDH B H, 8 5 T BUBZFF T A03 Al
106 X} Caco-2 4T v AW F2 I, LERA T4 25 B 19
B X 248 L ) 5 Sz AR T SO R . BRI =2 Ak, BUEL
FF 85 B0 i 3L FDRS BT Caco-2 4iiEJS, LDH BB
Hh B OB B 1 B — R B, A A SO R
B REHE, HEE SRR R T RO AT AE S il R A
PR FEE AR AR SE R, X Caco-2 21 A A4 K BT
F 1% S50 TR X AN R A 4 405, AT A W B R
YEH .

3w

XUBAT AR S F B 3 72 B4 0 8 2 A 2
—, BEMSAE N7 IE TP IE AL B RE, X T 4 pLIA
FEHATE R RS BRI, X AR A B e
8R4 32 R e A W 5 e s o A e i A 3
VR F, AT BT 36 25 b B0 -5 4% 0 S0 e i iE
M . AR AR AT U T B 4 A
Yy 1 EZRAPRINFLIR & L1245, SN Y pH
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Table 6 Changes of LDH release of Caco-2 cells in-
fected with bifidobacteria strains and Staphylococcus
aereus, Escherichia coli in monocultures and co-cultures

fib 3 LR bt g it
Treatments LDH(U/L)
A03 272.30 +39.84
106 624.42 + 6.64
S. aereus 1225.36 + 19.92

745.56 £ 31.90%*AA
774.65 + 6.64* *BB

AO03+S. aereus

106+ S. aereus

E. coli 769.95 +13.28
AO03+E. coli 727.70 £ 6.64**AA
106+E. coli 727.70 £ 19.91* *BB

H: *: (A03+S. aereus/E. col)l'5 A03 Xif R[5 8 1k
*: (106+S. aereus/E. coli)#5 106 XM (122 5 B &M, A: (A03+
S. aereus/E. coli)yl 5 S. aereus/E. coli &) 225 5 E M,
B: (106+S. aereus/E. coli)2l'5 S. aereus/E. coli Xt MRy 25 5 B
#%** O AA. BB: P<0.01.

Note: *: The differences between the values between (A03+
S. aereus/E. coli) and AO3 is statistically significant at P=0.05;
*: The differences between the values between (106+S. aereus/E.

coli) and 106 is statistically significant at P=0.05; A: The differ-
ences between the values between (A03+S. aereus/E. coli) and S.
aereus/E. coli is statistically significant at P=0.05; B: The differ-
ences between the values between (I06+S. aereus/E. coli) and S.
aereus/E. coli is statistically significant at P=0.05; **,** AA and

BB: The differences at P<0.01.

R A LR L. Bh 78 BT MR, i s P R
IBE, AR TS0 0 AR B, X T B0 e AN K
PAKFTE . FIZERF TR . ARMERR T AT IR TR S5 3 T
POV FH, DT I 4 B 38 P TG A, AR AR R R
(S ASFAG M Y, BT RO FT I A B —
W R RE 1, FEEWHEPU R, SO AR IR A A
REAS RS2 MU A o o] B i i L2 5] 7 1AL
AP A03 K 106 REfS ™ A Kim IR T, 7Edk
B R VA BB EG b, 8 RE X 4 v (0 4 A BR 1A S K
JOAT B R S 3 R R AR T, TR 72 R P BB AT AT
ARG IE AR KB BB s, HE HERR I i
WA R e, FRRIE T 2 Ak 2 I 2
B ERE

XA PR TE & A Rl AR I, 55 I Rt S e 4
Jif S B i, WA 28R R AR M EAE L, B
AL IR IR S Bl AT T A . AR R, s
7 PRI RS B i 2 20 i R e — o s RD S, X 2 R R i
— R E, AIERE R — R 50 P AR
FUE LSRR AE . A0 —Fp e et i, g
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15 20 0 PN I S A X R IV o 4 3 S 1Y)
S U ARG I R R — o FEIE R O
T, AN RS T 5 LR G AU LDH 2 AN figiE
o/ R AN RS, (HAE AN R 2 B A |
KA AR I, T 3 A 3% A A A0 R A R R Ok
PR, AGri LDH A9 B H R A - 5 412 200 b0 J5E 1) 2 454
B RIS, AR A T AR HER) LDH A5
B4 NI T HAT R B A8 52 3 BUBE AT T A03 106,
DA B 003 TR 4 B €05 2 BR 1A S K AT TR 4 Caco-2 4t
M E R, R T A58 A, WU AT
A5 B0 R AL R 25 A B ) B VR o il SR
FeW], B B RT Caco-2 4 I 153 455 VE FH it K
FRUEAF B, AR S MUE A A TR A R 55,
YN MR A 305 2 B TR R e, AR SR A
JI 38 7 AL Rl B X i =3 200 38 o 5 i A R
T S50 A1 D) O X6 i = 40 o s g 483 44 1 34 o L 37
PEDA AGRIG S 2 5 H—S0m g5 . e — &
JE _FE BT ORUEL R B AE S — B i 18 P AR B A T
BEUR & 5 i1 b R i AR5 3 A e AR G &R, XS
2T RE ARG B AN 5 R A e 3, i i 2 3800 7 U g
W B IE R A0 A, X R A B AN
P15 1 18 B0 A S [ AE 20 22— T
LA R BRI P R AT A 30 fi B S b 9 555 00 TR
T &R AR 5, AR A R 8 U TIE B 2 N
FF B R 457 AN BELASORE ™ T 5, 4 B A R 42 fioh T & 3
) 2 200 L) 30 2 A A A0 S 2 A T e AR A,
Hulw ARG, AT T SRR RIE.
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AT 55 B AT O TAEFR E 42—

P EME

it B LTI e) RR]FT

SATLETT R PR AL ) MRUE, THE AT S

Pt [ FHOR MR R R AT CEEFIELAL ) GB3100-3102-93 #1477, LTS5 IS SOUNE (GEAK), A A

Wt %ot B4 5 E

mirEl: HA d;

T PR AT R SR AR S A 4
/NBEH by B ming BV s SRR

HUNE, i BAEE S IR T

WK F mol/L, A M (52 T3 BE) AT NCY 5k B AR s s o

Jie% . ] r/min, ANH] rpm.
ZEIRIET1: Fl Pa s kPa, MPa #IK.,
JEFE: FH OD(FEMA)FIR

YR T B D kD, &R bp 2 kb .
P2 P B i W B AL W BERAT S R ATRMA, SRR ATIE MO S S H5&, filin: «(h) R

B, BN /NI, EE TR AL TR A AR IS, IRECTF Z BN —25 4% (°C F%BRAM), fian:
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